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(54) METHOD FOR CHARGING SECONDARY CELL AND CHARGER 



(57) The present invention provides a method for 
charging a secondary battery and a charger by which it 
can be prevented that a secondary battery is charged at 
very high or low temperature, and that the secondary 
battery is charged for a long time. Therefore, the sec- 
ondary battery is prevented from being damaged, so 
that the lifetime can be prolonged. In this method, a 
generally constant current is supplied from a charging 
means to the secondary battery. The constant-current 
charging is stopped when voltage of the secondary bat- 
tery has reached a peak value after passage of a prede- 
termined time period from start of the supplying of the 
first current; temperature of the secondary battery has 
been out of a predetermined range; or a predetermined 
time period has passed since start of the supplying of 
the first current. 
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Description 
Technical Field 

The present invention relates to a method for charg- s 
ing a secondary battery and a charger, the secondary 
battery being preferably used for a power supply of a 
motor-driven vehicle, such as a human-driven bicycle 
with an auxiliary power source. 

10 

Background Art 

Secondary battery, which is mounted on, for exam- 
ple, a human-driving vehicle with an auxiliary power 
source, is recharged by means of a battery charger con- is 
nected to a domestic electrical outlet. Conventionally, 
Ni-Cd cells or the like are used for such a secondary 
battery. 

In the charging of the Ni-Cd battery, the battery volt- 
age is measured for controlling the charging. After the 20 
start of the charging, the battery voltage rises increas- 
ingly, and then becomes constant. After that, the voltage 
of the secondary battery B rises again and peaks once 
before the secondary battery B is fully charged. After 
the peak, the voltage-drops continuously. When it is 25 
detected that the voltage of the secondary battery B 
drops by AV from the peak value, the charging is con- 
trolled to be finished. 

In addition to such a measurement of the battery 
voltage, the charging time may be counted by a timer. In 30 
this case, the charging is finished when the voltage- 
drop AV has been detected, or when a prescribed time 
has passed. 

It is known that charging of the Ni-Cd battery is 
affected by temperature very much. Therefore, in charg- 35 
ing of the battery, it is possible that the lifetime of the 
battery is shortened if an appropriate control is not car- 
ried out on the basis of the temperature of the battery. 
However, such a charging method according to the bat- 
tery temperature has not yet been proposed in fact. 40 

Disclosure of Invention 

It is, therefore, an object of the present invention to 
propose a method for charging a secondary battery in 45 
which lifetime of the secondary battery can be pro- 
longed through an appropriate control depending on the 
battery temperature. 

To resolve the above-described problem, according 
to the invention as defined in claim 1 , there is provided so 
a method for charging a secondary battery, comprising 
steps of supplying a first current, which is generally con- 
stant, from a charging means to the secondary battery, 
and 

stopping the supply of the first current when one of 55 
the following conditions is fulfilled: 

(A) voltage of the secondary battery has reached a 
peak level after passage of a predetermined time 



period from start of the supplying of the first current; 

(B) temperature of the secondary battery has been 
out of a predetermined range; and 

(C) a predetermined time period has passed since 
start of the supplying of the first current. 

The invention as defined in claim 2 is characterized 
in that the method further comprises, after connecting of 
the secondary battery and the charging means, steps of 
checking as to whether the temperature of the second- 
ary battery is in a predetermined range or not; and per- 
mitting to proceed to the step of supplying the first 
current insofar as the temperature of the secondary bat- 
tery is in the predetermined range. 

The invention as defined in claim 3 is characterized 
in that the method further comprises a step of supplying 
a second current, which is constant and lower than the 
first current, after stopping the supply of the first cunent 
for the reason of the condition (A) or (B). 

The invention as defined in claim 4 is characterized 
in that the method further comprises steps of waiting 
until the temperature of the secondary battery fails to be 
below a predetermined level; and indicating that the 
charging has ended. 

The invention as defined in claim 5 is characterized 
in that the method further comprises steps of checking 
as to whether the temperature of the secondary battery 
is in a predetermined range or not before and at the step 
of supplying the second current; and permitting to pro- 
ceed to the step of supplying the second current insofar 
as the temperature of the secondary battery is in the 
predetermined range. 

The invention as defined in claim 6 is characterized 
in that the method further comprises steps of waiting 
until the temperature of the secondary battery falls to be 
below a predetermined level after stopping^ the supply of 
the first current for the reason of the condition (C); and 
indicating that the charging has ended. 

The invention as defined in claim 7 is characterized 
in that the method further comprises steps of checking 
as to whether the voltage of the secondary battery is 
above a predetermined level or not after the step of sup- 
plying the first current or the step of supplying the sec- 
ond current; and supplying the first current again if the _ 
voltage of the secondary battery is not above the prede- 
termined level. 

The invention as defined in claim 8 is characterized 
in that the method further comprising, before permitting 
to proceed to the step of supplying the first current, a 
step of waiting a certain period after the temperature of 
the secondary battery falls to be in the predetermined 
range if the temperature of the secondary battery has 
been above the predetermined range in the step of 
checking the temperature. 

According to the invention as defined in claim 9. 
there is provided a battery charger capable of supplying 
a generally constant current to a secondary battery, 
comprising: 
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current generating means for generating a constant 
current; 

counting means for counting time from start of 
charging of the secondary battery; 
voltage detecting means for detecting voltage of the 
secondary battery; 

temperature detecting means for detecting temper- 
ature of the secondary battery; and 
controlling means for controlling supply of the con- 
stant current from the current generating means to 
the secondary battery, the controlling means stop- 
ping the supply of the current when one of the fol- 
lowing conditions is fulfilled: 

(A) the voltage detected by the voltage detect- 
ing means has reached a peak level after that 
the counting means counts a predetermined 
time period from start of the supplying of the 
current; 

(B) the temperature detected by the tempera- 
ture detecting means has been out of a prede- 
termined range; and 

(C) the counting means has counted a prede- 
termined time period. 

According to the invention as defined in claim 10. 
the controlling means starts to supply the current to the 
secondary battery insofar as the temperature detected 
by the temperature detecting means is in a predeter- 
mined range. 

According to the invention as defined in claim 1 1 , 
the current generating means generates a first current 
and a second current which is lower than the first cur- 
rent, the controlling means supplying the first current to 
the secondary battery and supplying the second current 
after stopping the supply of the first current for the rea- 
son of the condition (A) or (B). 

According to the invention as defined in claim 12, 
the battery charger further comprises means for decid- 
ing finish of the supply of the second current, and indi- 
cating means for indicating end of the charging when 
the temperature detected by the temperature detecting 
means falls to be a predetermined level. 

According to the invention as defined in claim 13, 
the controlling means checks as to whether the temper- 
ature of the secondary battery is in a predetermined 
range or not before and at the supplying the second cur- 
rent, and permits to supply the second current insofar 
as the temperature detected by the temperature detect- 
ing means is in the predetermined range. 

According to the invention as defined in claim 14, 
the battery charger further comprises means for detect- 
ing that the counting means has counted a predeter- 
mined time period, thereby deciding finish of the supply 
of the constant current to the secondary battery, and 
indicating means for indicating end of the charging 
when the temperature detected by the temperature 
detecting means falls to be a predetermined level. 

According to the invention as defined in claim 15. 



the controlling means checks as to whether the voltage 
detected by the voltage detecting means is above a pre- 
determined level or not after supplying the first current 
or supplying the second current, and supplies the first 

5 current again if the voltage detected by the voltage 
detecting means is not above the predetermined level. 

According to the invention as defined in claim 16, 
the battery charger further comprises second counting 
means for counting time from after the temperature of 

10 the secondary battery falls to be in the predetermined 
range if the temperature detected by the temperature 
detecting means has been above the predetermined 
range, the controlling means starts to supply the current 
to the secondary battery after that the second counting 

15 means has counted a predetermine time period. 

Operation 

According to the invention as defined in claim 1 or 
20 9, since the constant current charging is finished when 
one of the conditions in relation to the voltage, tempera- 
ture and charging time of the secondary battery is ful- 
filled, it can be prevented that the secondary battery is 
charged at high or low temperature under which the 
25 secondary battery is damaged, and that the secondary 
battery is charged for a long time. Accordingly, the life- 
time of the secondary battery is enhanced. 

According to the invention as defined in claim 2 or 

10, although the secondary battery is connected with 
30 the charging means, the charging is not necessarily 

started immediately. The temperature of the secondary 
battery is checked and it is waited until the temperature 
becomes in a prescribed range if the temperature has 
been out of a prescribed range. Accordingly, it is possi- 
35 ble to prevent the charging at low temperature as well as 
the charging at high temperature, whereby the dam- 
ages on the battery can be avoided. 

According to the invention as defined in claim 3 or 

1 1 , since the charging at the lower or second current is 
40 supplemented after the charging at the first current, the 

secondary battery is prevented from being overcharged 
and undercharged. In addition, since the second current 
is low, the overcharging is avoided surely. 

According to the invention as defined in claim 4, 6, 
45 1 2 or 1 4, since the end of the charging is indicated after 
the temperature of the secondary battery falls to be a 
predetermined level, it can be prevented that the sec- 
ondary battery is discharged under high temperature 
condition, whereby the damage on the secondary bat- 
so tery is avoided. 

According to the invention as defined in claim 5 or 
13. it can also be prevented in the charging at the sec- 
ond current that the secondary battery is damaged by 
charging at high or low temperature. 
55 If the secondary battery is remained to be con- 
nected to the charger for a long time, the voltage of the 
secondary battery is lowered due to self-discharge. 
According to the invention as defined in claim 7 or 15. 
since the charging is repeated when the voltage of the 
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secondary voltage is not above the predetermined level, 
it is ensured that the secondary battery has the full volt- 
age insofar as the end of charging is indicated. 

According to the invention as defined in claim 8 or 
16, when the temperature of the secondary battery falls 
to be a predetermined level, it is waited for a certain 
period and the secondary battery cools down naturally. 
The predetermined level for restricting the start of 
charging may be prescribed high. In contrast, if the pre- 
determined level is low, there is likelihood that the 
charging can not be started eternally when ambient 
temperature is high as in summer. However, according 
to the above-mentioned method, the temperature of the 
secondary battery may be lowered to be below the pre- 
determined level even if the ambient temperature is high 
as in summer. 

Brief Description of Drawings 

Figure 1 is a circuit diagram schematically showing 
the connection between a charger according to the 
present invention and a secondary battery. 

Figure 2 (A) represents a circuit constituted of a 
thermistor and a charge-control unit shown in Figure 1 . 

Figure 2 (B) represents another example of the cir- 
cuit constituted of the thermistor and the charge-control 
unit. 

Figure 3 is a graph showing a relation between tem- 
perature around the thermistor and output voltage of the 
thermistor. 

Figure 4 is a state transition diagram representing a 
first embodiment of the charging routine to which the 
method of the present invention is applied. 

Figure 5 is a state transition diagram representing a 
second embodiment of the charging routine. 

Figure 6 is a state transition diagram representing a 
third embodiment of the charging routine. 

Figure 7 is a state transition diagram representing a 
fourth embodiment of the charging routine. 

Best Mode for Carrying Out the Invention 

A. First Embodiment 

A first embodiment of the present invention will now 
be described with reference to Figures 1 through 4. Fig- 
ure 1 is a schematic view showing a circuit constituted 
of a battery charger A and a secondary battery B. As 
shown in this drawing, the secondary battery B com- 
prises a battery case 1. A plurality of Ni-Cd cells 2 are 
connected in series inside the battery case 1. Belt- 
shaped heaters 4 are wound around the cells 2, respec- 
tively. These heaters 4 are also electrically connected in 
series. Inside the battery case 1. a thermistor 5 is dis- 
posed. The terminals of the cells 2, heaters 4, and ther- 
mistor 5 are situated in a receptacle 6a of a connector 6. 

Next, in the battery charger A in this drawing, refer- 
ence numeral 10 depicts a charge-control unit for con- 
trolling various elements in the battery charger A. The 



charge-control unit 10 provides a control signal for a 
charging unit 11. The charging unit 11, which is con- 
nected to a domestic electrical outlet (AC 100V in Fig- 
ure 1), conducts and stops the charging of the 
5 secondary battery B under control of the charge-control 
unit 10. In addition, the charge-control unit 10 provides 
a relay-control signal for a gate of an FET 12, so that an 
exciting current flows to a coil 1 3a or stops, whereby a 
relay 13 is turned on or off. 
io When the relay 13 is turned on, a current is sup- 
plied from the domestic electrical outlet through the 
connector 6 to the heaters 4, so that the heaters 4 heat 
up the cells 2. The output voltage of the thermistor 5 is 
detected by the charge-control unit 10, and the charge- 
15 control unit 10 controls the relay 13 on the basis of the 
output signal of the thermistor 5 representing the tem- 
perature of the cells 2. A plug 6b of the connector 6 is 
coupled detachably in the receptacle 6a. The battery 
charger A includes a volt meter (not shown) inside 
20 thereof. The volt meter detects the voltage of the sec- 
ondary battery B, and the voltage value of the second- 
ary battery is input to the charge-control unit 10. 

Figure 2 (A) represents a circuit constituted of the 
thermistor 5 and the charge-control unit 10 in detail. As 
25 shown in the drawing, while one terminal of the thermis- 
tor 5 is earthed via the connector 6. the other is con- 
nected to a direct current power supply (+V in the 
drawing) via the connector 6 and a resistor R when the 
plug 6b is securely engaged with the receptacle 6a. The 
30 voltage of the power supply is, e.g., +5 V. An intermedi- 
ate portion of the line from the resistor R to the connec- 
tor 6 is connected to the charge-control unit 10. In this 
circuit, the output voltage of the thermistor 5 is varied 
due to the temperature around the thermistor 5. Figure 
35 3 is a graph showing a relation between the temperature 
around the thermistor 5 and the output voltage of the 
thermistor 5 which should be provided for the charge- 
control unit 10. As clearly understood by this drawing, 
as the temperature around the thermistor 5 rises, the 
40 resistance of the thermistor 5 decreases, so that the 
output voltage is reduced. 

Since the temperature around the thermistor 5 is 
usually between 0 and 40°C when the battery charging 
is started, the output voltage provided for the charge- 
45 control unit 10 is between 1 .8 and 3.7 V as understood 
by Figure 3. However, the voltage of +5 V, from the 
power supply, is input directly to the charge-control unit 
10 if the connection at the connector 6 is not secured, 
i.e., the plug 6b is not securely plugged in the receptacle 
so 6a. Therefore, the voltage provided for the charge-con- 
trol unit 10 is near the voltage of +5 V from the power 
supply. Accordingly, the charge-control unit 10 can 
decide as to whether the connection at the connector 6 
is secured or not in accordance with the value of the 
55 input voltage of the charge-control unit 10. In order to 
conduct the decision, in a memory (not shown) of the 
charge-control unit 10, a standard range, e.g., 1 .5 to 4.0 
V, is stored. If the input voltage to the charge-control unit 
10 is out of this range, the charge-control unit 10 
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decides that the connection at the connector 6 is not 
secured. 

More specifically, the voltage of the direct current 
power supply of the battery charger A is divided by one 
or more resistors (not shown), so that 4.0 V, which is the 5 
highest value of the standard range, is obtained, and 
this voltage is provided for a negative terminal of a com- 
parator (not shown). The positive terminal of the compa- 
rator is connected to a line which should be connected, 
at the connector 6, to the terminal of the thermistor 5. 10 
Therefore, the output voltage of the thermistor 5 is input 
to the positive terminal as long as the connection at the 
connector 6 is secured. When the input voltage of the 
charge-control unit 10 is in excess of 4.0 V, the output of 
the comparator becomes high level. In this case, it is is 
determined that the connection between the battery 
charger A and the secondary battery B is not secured at 
the connector 6. On the contrary, when the input voltage 
of the charge-control unit 10 is lower than 4,0 V, the out- 
put of the comparator is low level. In this case, it is 20 
determined that the connection at the connector. 6 is 
secured. 

In this example, if the connection at the connector 6 
is not secured, the input voltage of the charge-control 
unit 10 is higher than 4.0 V absolutely. Accordingly, it is 25 
unnecessary to check whether the input voltage is lower 
than 1 .5 V which is the lowest value of the standard 
range although the lowest value is also stored in the 
memory, so that it is omitted to provide another compa- 
rator for comparing the input voltage of the charge-con- 30 
trol unit 10 with 1.5 V. 

Figure 2 (B) represents another example of the cir- 
cuit constituted of the thermistor 5 and the charge-con- 
trol unit 10. In this example, one terminal of the 
thermistor 5 is connected to a direct current power sup- 35 
ply (+V \a the drawing) via the connector 6 when the 
plug 6b is securely engaged with the receptacle 6a. The 
voltage of the power supply is, e.g., +5 V. The other ter- 
minal of the thermistor 5 is connected to the charge- 
control unit 10 via the connector 6 when the plug 6b is 40 
securely engaged with the receptacle 6a. An intermedi- 
ate portion of the line from the charge-control unit 10 to 
the connector 6 is connected to the ground through a 
resistor R. In this circuit, as the temperature around the 
thermistor 5 rises, the resistance of the thermistor 5 45 
decreases, so that the output voltage increases. 

Usually, the output voltage provided for the charge- 
control unit 10 is between 1.5 and 3.7 V. However, the 
output voltage of the thermistor 5 is not input to the 
charge-control unit 1 0 if the connection at the connector so 
6 is not secured, and thus the input voltage to the 
charge-control unit 10 is between 0 and 1 V. Accord- 
ingly, the charge-control unit 10 can decide as to 
whether the connection at the connector 6 is secured or 
not in accordance with the value of the input voltage of ss 
the charge-control unit 10. 

More specifically, the voltage of the direct current 
power supply of the battery charger A is divided by one 
or more resistors (not shown), so that 1.5 V, which is the 



lowest value of the above-mentioned standard range, is 
obtained, and the voltage is provided for a positive ter- 
minal of a comparator (not shown). The negative termi- 
nal of the comparator is connected to a line which is 
connected, at the connector 6. to the terminal of the 
thermistor 5. Therefore, the output voltage of the ther- 
mistor 5 is input in the negative terminal as long as the 
connection at the connector 6 is secured. When the 
input voltage of the charge-control unit 10 is in excess of 
1 .5 V, the output of the comparator becomes low level: 
In this case, it is determined that the connection 
between the battery charger A and the secondary bat- 
tery B is secured at the connector 6. On the contrary, 
when the input voltage of charge-control unit 10 is lower 
than 1.5 V, the output of the comparator is high level. In 
this case, it is determined that the connection at the 
connector 6 is not secured. 

In this example, if the connection at the connector 6 
is not secured, the input voltage of the charge-control 
unit 10 is lower than 1.5 V absolutely. Accordingly, it is 
unnecessary to check whether the input voltage is 
higher than 4.0 V which is the highest value of the 
standard range although the highest value is stored in 
the memory, so that it is omitted to provide another com- 
parator for comparing the input voltage of the charge- 
control unit 10 with 4.0 V. 7 
Next, the method for charging the secondary bat- 
tery B using with the above battery charger A will be 
described. Figure 4 is a diagram showing a state transi- 
tion of the battery charger A. In this diagram, sequential 
procedures from Step S1 to Step S7 consists of a nor- 
mal processing in a case that the charging of the sec- 
ondary battery is normally conducted. This normal 
processing will be first described. In this charging rou- 
tine, in order to inform the user of the charging state, an 
LED is used. According to the state of the charging, the 
lighting of the LED is continued, stopped, intermitted at 
longer intervals, or intermitted at shorter intervals. In the 
description hereinafter, the switching manners of the 
LED will be also mentioned. 

In order to start charging, the user connects the 
battery charger A to the domestic electrical outlet at 
Step S1 , so that the charge-control unit 1 0 of the battery 
charger A is started to be operated. Next, the charge- 
control unit 10 decides, at Step S2, as to whether the 
plug 6b of the battery charger A is plugged in the recep- 
tacle 6a of the secondary battery B or not according to 
the input voltage of the charge-control unit 10. 

At Step S2. rf the temperature around the thermis- 
tor 5 is, for example, 15°C, the voltage of the thermistor 
5 provided for the charge-control unit 10 should be 3 V 
as shown in Figure 3. Accordingly, as long as the plug 
6b is plugged in the receptacle 6a securely, the input 
voltage of the charge-control unit 10 is in the standard 
range stored in the charge-control unit 10. Therefore, 
the charge-control unit 10 decides that the connection 
between the receptacle 6a and the plug 6b is secured, 
and then the routine proceeds to Step S3. On the con- 
trary, if the plug 6b is not plugged in the receptacle 6a. 
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the input voltage of the charge-control unit 10 is out of 
the standard range stored previously. In the example 
shown in Figure 2 (A), the input voltage is near +5 V 
which is the voltage of the direct current power supply. 
Thus, the charge-control unit 1 0 decides that the recep- 5 
tacle 6a and the plug 6b are disconnected from each 
other. In this case, the charge-control unit 10 repeats, at 
Step S2, the decision until the plug 6b is inserted into 
the receptacle 6a securely. 

At Step S3, the charge-control unit 1 0 decides as to 10. 
whether the battery temperature detected by the ther- 
mistor 5 is in a prescribed range between and T 2 °C 
or not When the temperature of the secondary battery 
B is below T 1 °C, the charge-control unit 10 turns on the 
relay 13 for switching the heaters 4 on. On the other 15 
hand, when the temperature of the secondary battery B 
is above T 2 °C, the charge-control unit 10 waits until the 
temperature of the secondary battery B falls to be below 
T 2 °C. The reason why the battery temperature is 
checked before the start of the charging is that if the 20 
secondary battery B is charged at a low temperature 
below T-|°C, the charging efficiency will be remarkably 
lowered, so that the secondary battery is likely under- 
charged, and a part of the battery electrolyte inside the 
cells 2 will be vaporized, so as to shorten the lifetime of 25 
the cells 2. Moreover, it is known by experiments that if 
the charging is conducted at a high temperature, the 
lifetime of the secondary battery is also affected. For the 
same reason, as will be described later, the highest limit 
of the temperature during the charging process is pre- 30 
scribed at T 3 °C. The charging is started as far as the 
temperature is below T 2 °C which is lower than T 3 °C. 

Until the routine proceeds to Step S3, the LED is 
not turned on, but when the routine proceeds to Step 
S3, the LED is switched to light up intermittently at 35 
longer intervals. Thus, the user can know that the 
charging routine transits to the temperature-checking 
state of Step S3. 

If the temperature of the secondary battery B is in 
the prescribed range, the routine proceeds to Step S4. 40 
At Step S4, the cells 2 are provided with electric 
charges, in other words, the cells 2 are recharged. At 
Step S4, the LED is turned on to light up continuously, 
so that the user can be aware that the charging has 
started. This charging is conducted at a constant cur- 45 
rent value, e.g., 1 .5 A. At the beginning of the charging, 
a timer (not shown), contained in the charge-control unit 
10, is started to operate. If a certain time period t 1 has 
passed since the start of the timer, the charging is 
stopped and the routine proceeds to Step S7, and then so 
the routine ends, as will be described later. In addition, 
if the battery temperature is below °C at Step S4, the 
routine will proceed to Step S7, as will be also 
described later in detail. 

At Step S4, after the start of the charging, the bat- 55 
tery voltage rises increasingly, and then becomes con- 
stant. After that, the voltage of the secondary battery B 
rises again and peaks once before the secondary bat- 
tery B is fully charged. After the peak, the voltage-drops 



continuously. When it is detected that the voltage of the 
secondary battery B drops by AV from the peak value, 
the charging at the constant current of 1 .5 A is finished, 
and the routine proceeds to Step S5. 

However, at the initial stage of the charging, the 
voltage of the secondary battery B is not stable, and the 
voltage of the secondary battery B sometimes 
decreases by a value more than AV. Therefore, in this 
charging routine, the detection of the voltage-drop AV is 
omitted in a certain time period after the start of the 
charging. For this purpose, a detection-delay timer (not 
shown) contained in the charge-control unit 10 is oper- 
ated. 

The main charging at 1 .5 A is also finished when it is 
detected that the battery temperature reaches the 
above-mentioned highest limit (finishing temperature), 
i.e., T 3 °C above T 2 °C. In other words, if the voltage-drop 
AV is detected or the finishing temperature T 3 °C is 
detected, the routine proceeds from Step S4 to Step S5. 
The finishing temperature T 3 °C is prescribed above the 
highest limit value T 2 °C of the starting temperature 
since it is normal that the temperature of the secondary 
battery B rises during the charging. In this charging rou- 
tine, since the main charging at 1.5 A is finished on the 
basis of the battery temperature, the secondary battery 
B is prevented from being damaged. 

If the finishing temperature T 3 °C is prescribed 
below a certain value, the detection of the finishing tem- 
perature T 3 °C may be omitted in a certain time period 
after the start of the charging, For example, if the finish- 
ing temperature T 3 °C is prescribed equal to T 2 °C. it will 
be detected that the temperature of the secondary bat- 
tery B reaches T 3 °C (T 2 °C) immediately after the start 
of the charging although it is detected that the initial 
temperature is below T 2 °C before Step S4. Such a. 
problem will occur by errors of the temperature-detec-' 
tion although the temperature of the secondary battery 
B falls for the reason of the endothermic reaction in a 
short period after the start of the charging. However, if it 
is omitted to detect the finishing temperature T 3 °C in a 
certain time period after the start of the charging, it is 
prevented that the charging is finished immediately after 
the charging is started. 

Next, at Step S5, the reason why the routine pro- 
ceeds from Step S4 to Step S5 is referred, and the 
switching manner of the LED is varied on the basis of 
that reason. That is, if the detection of the voltagendrop 
AV is the reason for proceeding to Step S5, the LED is 
turned off and it does not light continuously. On the 
other hand, if the reason for proceeding to Step S5 is 
the detection of the finishing temperature T 3 Q C. the LED 
is switched to light up intermittently at shorter intervals 
Thus, the user can know that the Step S4 has ended for 
the reason of an abnormal temperature of the second- 
ary battery. 

At Step S5, the cells 2 are charged at a constant 
current value, e.g., 0.5 V, which is lower than the value 
at Step S4. This secondary charging is called "supple- 
mental charging" in the following description. The rea- 
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son of the supplemental charging is that the cells 2 of 
the secondary battery B have been sometimes not fully 
charged when the voltage-drop AV has been detected in 
the main charging at 1 .5 A. However, after the voltage- 
drop AV is detected, if the main charging at 1 .5 A is con- 
tinued, the cells 2 may be overcharged. Therefore, in 
the embodiment of the charging routine, the charging is 
supplemented at the lower current value (0.5 A), so that 
the secondary battery is prevented from being over- 
charged and undercharged. The supplemental charging 
is conducted for a prescribed time period t ? using with 
the timer (not shown), and after this period, the routine 
proceeds to Step S7 for ending. 

If the normal charging has been conducted before 
Step S7, the LED is maintained to be off. Consequently, 
the LED is not lighted, up at Steps S5 and S7. Thus, 
there is likelihood that the user disconnects the second- 
ary battery B from the electrical outlet at Step S5, so as 
to finish the charging compulsorily. However, since the 
charging has substantially completed at the finish of 
Step S4, there is no problem for the usage of the sec- 
ondary battery. 

The normal processing has been described herein- 
before. Next, procedures when abnormalities happen 
will be described. First, in the main charging at 1 .5 A of 
Step S4, there is likelihood that the voltage-drop AV nor 
the finishing temperature T 3 °C are not somehow 
detected for a long time. In this case, if the main charg- 
ing at 1 .5 A is continued, the secondary battery will be 
damaged by. overcharging and so on. Therefore, at Step 
S4, if a certain time period t 1 has passed since the start 
of the main charging at 1.5 A, the charging is stopped 
and the routine proceeds to Step S7 for ending. In this 
case, the routine does not pass through the supplemen- 
tal charging at 0.5 A (Step S5) since it is considered that 
the secondary battery B has been charged substantially 
fully by the main charging at the constant current of 1.5 
A for the certain time. 

In addition, it is assumed that the surrounding tem- 
perature of the secondary battery falls to be below T A °C 
in a case that, for example, after starting of the charging 
in a room , a heater for the room is switched off. If the 
charging is continued in this case, a part of the battery 
electrolyte inside the cells 2 will be vaporized, so as to 
shorten the lifetime of the cells 2. Therefore, if the bat- 
tery temperature falls to be below T^C at Step S4, the 
routine proceeds to Step S7, and the LED is switched to 
light up intermittently at shorter intervals for informing 
the user of the temperature has been abnormal. 

However, in a case that the temperature of the sec- 
ondary battery B has been near T^C before starting to 
charge, it is possible that the battery temperature falls to 
be below T^C by the endothermic reaction immediately 
after the starting of Step S4. In this case, it is inconven- 
ient to stop charging. Therefore, the detection of the 
battery temperature is omitted in a certain time period 
after the start of the charging, using with the detection- 
delay timer, as similar to the omission of the finishing 
temperature T 3 °C. 



Furthermore, if the charging is conducted when the 
battery temperature is above T 3 °C, the quality of the 
secondary battery deteriorates as mentioned above. 
Thus, when the battery temperature reaches the finish- 

5 ing temperature T 3 °C at Step S4, it is necessary to 
avoid that the routine proceeds to Step S5 for charging 
at the constant current value of 0.5 A. Accordingly, at 
Step S5, it is determined as to whether the battery tem- 
perature is above T 3 °C or not. If the decision is made 

io that the temperature is above T 3 °C, the routine pro- 
ceeds to Step S8, and waits for that the battery temper- 
ature falls to the appropriate range at Step S8. 
Consequently, if the reason for proceeding to Step S5 is 
the detection of the finishing temperature T 3 °C at Step 

7 5 S4, the routine proceeds to Step S8 immediately after 
the proceeding to Step S5. 

The switching manner of the LED, at Step S8, is 
varied according to the step when the abnormality of the 
battery temperature has been detected, so as to inform 

20 the user of the step. That is, if the battery temperature 
has risen to be above T 3 °C in the supplemental charg- 
ing of Step S5 before proceeding to Step S8 (and the 
temperature has been normal at Step S4), the LED is 
turned off, and the lighting is stopped continuously at 

25 Step S8 since such an abnormality of the temperature is 
not a significant problem. On the other hand, rf the bat- 
tery temperature has reached T 3 °C at Step S4. the LED 
is switched to light up intermittently at Step S8 since the 
abnormality is thoughtful. 

30 At Step S8, if the battery temperature is above 
T 3 °C, the routine waits for that the secondary battery B 
is naturally cooled down and for that the temperature 
falls to a certain value slightly below T 3 °C. When the 
battery temperature falls to be below this value, the rou- 

35 tine returns to Step S5 and the supplemental charging 
at 0.5 A is restarted. After the complete of the supple- 
mental charging at 0.5 A, the routine proceeds to Step 
S7 for ending. 

On the other hand, there is likelihood that the pre- 

40 scribed time period t 2 has passed, in the waiting state of 
Step S8, since the beginning of the supplemental charg- 
ing at 0.5 V. In this case, the routine proceeds to Step 
S7 and the charging ends. 

If the main charging has been stopped at Step S4 

45 since the battery temperature has fallen to be below 
T-,°C, the LED is^ switched to light up intermittently at 
Step S7. The LED is controlled in the same manner if 
the main charging at 1 .5 A has been stopped since the 
battery temperature has risen to be above T 3 °C. 

so Accordingly, the user can know some kinds of signifi- 
cant problem about the temperature of the cells 2 have 
happened during the charging procedures. In other 
cases, the LED is turned off or maintained to be off at 
StepS7. 

55 In the above-described charging method, since the 
charging at the constant current value at Step S4 is fin- 
ished on the basis of one of the voltage of the second- 
ary battery B, the temperature of the secondary battery 
B, and the charging time period, it is avoided that the 
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charging is conducted under high or low temperature 
conditions or for very long time, so that the secondary 
battery B is prevented from being damaged. The lifetime 
of the secondary battery is prolonged. 

In addition to these advantageous effects of the s 
present invention, the following advantages are 
achieved by the embodiment. 

In the embodiment, directly after the connection of 
the secondary battery B and the battery charger A, the 
charging is not started necessarily. Instead, the routine 10 
waits until the temperature of the secondary battery B 
falls to the prescribed range at Step S3. Accordingly, 
charging under high or low temperature conditions is 
surely avoided, so that the secondary battery is pre- 
vented from being damaged. Besides, since the charg- is 
ing is supplemented at 0.5 A after the main charging at 
1.5 A, the secondary battery is prevented from being 
overcharged and undercharged. Also, since the current 
value of the supplemental charging is low, the second- 
ary battery is prevented from being overcharged. 20 

Furthermore, in the embodiment, since the cells 2 
are surrounded by heaters 4, respectively, each of the 
cells 2 are uniformly heated up, and the temperature 
can be controlled exactly during the charging. In addi- 
tion, since the connection at the connector 6 is checked 25 
by means of the circuit for the thermistor 5. the cost for 
production of the checking circuit is not enhanced very 
much. 

Additionally, in the embodiment, if the battery tem- 
perature fails to be below T-, °C during the main charging 30 
at 1 .5 A of Step S4, the routine proceeds to Step S7 and 
has ended. In this situation, the LED indicates that the 
abnormal temperature has been detected in a short 
time period after starting to charge: Accordingly/ the 
user recognizes that the battery temperature has been 35 
extraordinarily low, and can make a suitable procedure, 
for example, restarting to charge in another room at an 
appropriate temperature. 

In the embodiment, it is decided as to whether the 
connection is' secured or not at the connector 6 by 40 
means of the checking of the connection between the 
thermistor 5 and the charge-control unit 10. Accordingly, 
it is unnecessary to use special wiring or other elements 
for the checking, and thus, the checking can be con- 
ducted economically by a software programmed for the 45 
charge-control unit 10. Moreover, even if overcurrent 
has been discharged from the secondary battery B or a 
short circuit exists inside the secondary battery B, it is 
possible to check the connection in spite of such prob- 
lems, so 

B. Second Embodiment 

Next, with reference to Figure 5, a second embodi- 
ment of the charging routine will be described. The sec- ss 
ond embodiment is different from the above-described 
first embodiment in that Step S6 is added between 
Steps S5 and S7. At Step S6, the routine waits for that 
the temperature of the secondary battery falls to the 



suitable level for ending the charging routine. Addition- 
ally, if a prescribed time t-, has passed since the begin- 
ning of the charging at Step S4, the routine proceeds to 
Step S6. In addition, the routine may proceed from Step 
S8 to Step S6. Other procedures are the same as in the 
first embodiment, and therefore the description thereof 
is omitted. 

At Step S4, if a prescribed time t 1 has passed since 
the beginning of the main charging at 1 .5 A, the charg- 
ing is stopped, and then the routine proceeds to Step 
S6. At Step S6, the routine waits until the temperature of 
the secondary battery B falls. On the other hand, when 
the battery temperature falls to be below T^°C at Step 
S4, the routine proceeds to Step S7 for ending, as sim- 
ilar to the first embodiment. 

The reason for adding Step S6 is that the tempera- 
ture of the cells 2 are high directly after the finish of 
charging. It is known that if the cells 2 are discharged in 
such a condition, various disadvantageous effects will 
occur, for example, the lifetime of the secondary battery 
will be shortened. Therefore, after the supplemental 
charging at 0.5 A of Step S5, the routine waits until the 
battery temperature falls to be a certain level slightly 
above T 2 °C at Step S6; and then the routine ends. At 
Steps S5 and S6. the.LEDJs continued to be on, and 
when the routine proceeds to Step S7. the LED is 
turned off. This switching manner indicates that the 
charging has been conducted normally. 

In the second embodiment, after the routine pro- 
ceeds to Step S8. it proceeds from Step.S8 to. Step S6 
for waiting until the temperature drop as long as it does 
not return to Step S5, while in the first embodiment, the 
routine proceeds from Step S8 directly to S7 for ending. 

At Step S8, the LED is maintained to be on in any 
case. When the routine proceeds from Step S8 via Step 
S6 to Step S7, the LED is turned off for indicating that 
the charging has ended. 

However, if the battery temperature falls to be 
below T-| °C in the main charging at 1 .5 A of Step S4, the 
routine proceeds to Step S7 for ending, but in this case, 
the LED is switched to light up intermittently at shorter 
intervals at Step S7, so as to indicate that the abnormal- 
ity on temperature has occurred. In addition, if the bat- 
tery temperature rises to be above T 3 °C at Step S4, the 
LED is also switched to light up intermittently at shorter 
intervals at Steps S5, S6 and S7, so as to indicate the 
temperature abnormality. 

In accordance with the second embodiment, the 
same advantages by the first embodiment can be 
achieved. In addition, the routine is ended after the tem- 
perature of the secondary battery B falls to be the cer- 
tain temperature, and then the LED indicates that the 
routine is ended, as described above. Therefore, the 
user can use the secondary battery after the LED is 
turned off, thereby avoiding to use the secondary bat- 
tery, and preventing it from being damaged. The lifetime 
of the secondary battery can be prolonged. 
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C. Third Embodiment . .. 

Next, with reference to Figure 6, a third embodi- 
ment of the charging routine will be described. The third 
embodiment is different from the above-described 5 
embodiments in that a complementary charging is 
added. That is, after Step S6, the voltage of the second- 
ary battery is measured and it is decided as to whether 
the voltage reaches a certain usage-startable level or 
not at Step S9. If the decision is made that the voltage 10 
is less than this level, the routine returns to Step S4, so 
that the main charging at the constant current of 1 .5 A is 
conducted again in order to complement the charging. 

The routine does not proceed from the second main 
charging at 1.5 A to Step S5. Instead, it proceeds from is 
the second main charging to Step S5 if the voltage-drop 
aV or the finishing temperature T 3 °C has been 
detected, or if the prescribed time ^ has passed since 
the restart of the main charging at 1 .5 A. On the other 
hand, if the battery temperature falls to be below °C in 20 
the second main charging of Step S4, the routine pro- 
ceeds to Step S9 for ending. In the third embodiment, 
the detection-delay timer is also used, and in a certain 
time period after the restart of the charging, it is omitted 
to detect the voltage-drop AV and to detect the battery 25 
temperature. 

In accordance with the third embodiment as similar 
to the second embodiment, the lifetime of the secondary 
can be prolonged. Furthermore, in the third embodi- 
ment, although self-discharging occurs so that the bat- 30 
tery voltage decreases since the secondary battery is 
connected with the battery charger for a long time after 
the end of the charging, the main charging at 1.5 A is 
conducted again for complementing. Therefore, it is 
ensured that the battery voltage is above the usage- 35 
startable level as long as the end of the charging is indi- 
cated by the LED. 

D. Fourth Embodiment 

40 

A fourth embodiment of the present invention will 
now be described with reference to Figure 7. The fourth 
embodiment is different from the first embodiment in 
that waiting process S3' is carried out if necessary, and 
the temperature inside the charger A is detected, at 45 
Steps 3, 4, 5, and 8. for reference of control of the 
charging by the charge-control unit 10. 

The procedures at Steps S1 and S2 of Figure 7 are 
the same as those in the first embodiment in Figure 4. 
Next, at Step S3, the charge-control unit 10 decides as so 
to whether the battery temperature detected by the ther- 
mistor 5 is in a prescribed range between T-, and T 2 °C 
or not. When the temperature of the secondary battery 
B is below T^C. the charge-control unit 10 turns on the 
relay 13 for switching the heaters 4 on. On the other 55 
hand, when the temperature of the secondary battery B 
is above T 2 °C, the charge-control unit 10 waits until the . 
temperature of the secondary battery B falls to be below 
VC. 



Until the routine proceeds to Step S3, the LED is 
not turned on, but when the routine proceeds to Step 

53, the LED is switched to light up intermittently at 
longer intervals. Thus, the user can know that the 
charging routine transits to the temperature-checking 
state of Step S3. 

Additionally, at Step S3, it is decided whether the 
temperature inside the charger A is lower than T 4 °C or 
not. If the decision is Yes, the routine proceeds to Step 

54. The reason for this decision is that if the inside tem- 
perature of the charger A remarkably rises in compari- 
son with the ambient temperature, electronic elements 
within the chargers A will be broken. 

As described above, when the battery temperature 
and the inside temperature of the charger A are within 
the predetermined range, the routine proceeds to Step 
S4. At Step S4, the cells 2 are provided with electric 
charges, in other words, the cells 2 are recharged. In 
case that the capacitance of the secondary battery is 5 
Ampere • Hours, the charging at Step S4 is conducted 
at a constant current value of 1 .5 A (0.5 x 3 A). At the 
beginning of Step S4, the LED is turned on to light up 
continuously, so that the user can be aware that the 
charging has started. The process at Step S4 will be 
described in detail later. 

In the fourth embodiment, after the charge-control 
unit 10 waits until the temperature of the secondary bat- 
tery B falls to be below T 2 °C. the routine proceeds to 
Step S3', and then waits a certain period. The reasons 
are as follows. Although it is necessary to prescribe the 
highest limit value T 2 °C of the battery temperature as 
low as possible in normal environment so that the 
charging is carried out at near normal temperature, 
there is likelihood that if the highest limit value ,T 2 °£ is, 
low and near the normal temperature, the battery tem- 
perature cannot fall to be less than T 2 °C in summer or 
hot environment. Therefore, in order to avoid such a 
inconvenience, the highest limit value T 2 °C is pre- 
scribed higher in the present embodiment, and the rou- 
tine waits for a certain period t 3 , so that it is expected 
that the battery temperature can fall to be much lower 
than the highest limit value T 2 °C. 

After waiting for the certain time t 3 at Step S3, the 
routine proceeds to Step S4, and then, the main charg- 
ing at 1 .5A is conducted. However, if the ambient tem- 
perature is increased, there is likelihood that the battery 
temperature rises to be above the highest limit value 
T 2 °C at the waiting process of Step S3*. In this case, the 
routine returns to Step S3 where the battery tempera- 
ture is checked again. At the waiting process of Step 
S3', the LED is switched to light up intermittently at 
longer intervals. 

At Step S4, when the voltage-drop AV is detected, 
the main charging at 1 .5 V is finished, and the routine 
proceeds to Step S5. With reference to the detection of 
the voltage-drop AV, the detection-delay timer (not 
shown) is also used, and in a certain time period after 
the restart of the charging, it is omitted to detect the volt- 
age-drop AV as in the first embodiment. In addition to 
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the detection of the voltage-drop AV, the main charging 
at 1 .5A is finished when the battery temperature rises to 
be above the finishing temperature T 3 °C t T 3 being 
higher than T 2 . Then, the routine proceeds to Step S5. 
In this case, it is also omitted to detect the finishing tern- 5 
perature T 3 °C in a certain time period after the restart of 
the charging. 

The normal processing, in which the main charging 
at Step S4 is normally carried out, has been described 
hereinbefore. On the other hand, if abnormality happen 10 
at Step S4, the routine proceeds to Step S7 for ending. 
Next, the conditions, for which the routine proceeds 
from Step S4 to Step S7, will be described. First, in the 
main charging at 1.5 A of Step S4, there is likelihood 
that the voltage-drop AV nor the finishing temperature is 
T 3 °C are not somehow detected for the prescribed time 
period t-j . In this case, the routine does not pass through 
the supplemental charging at 0.5 A (Step S5) since it is 
considered that the secondary battery B has been 
charged substantially fully by the main charging. 20 
Instead, the routine proceeds to Step S7 for ending, and 
the LED is turned off, so that the ending of the charging 
is indicated. 

In addition, it is assumed that the surrounding tem- 
perature of the secondary battery falls to be below T-j °C 25 
in a case that, for example, after starting of the charging 
in a room, a heater for the room is switched off. There- 
fore, if the battery temperature falls to be below T-|°C at 
Step S4, the routine proceeds to Step S7. 

Furthermore, if the temperature of the secondary 30 
battery B has been near T^C before starting to charge, 
it is possible that the battery temperature falls to be 
below T^C by the endothermic reaction immediately 
after the starting of Step S4. Therefore, the detection of 
the battery temperature is omitted in a certain time 35 
period after the start of the charging, using with the 
detection-delay timer, as similar to the omission of the 
finishing temperature T 3 °C. 

Additionally; if the temperature inside the battery 
charger A rises to be above T 4 °C, the routine proceeds 40 
to Step S7 for ending. 

Furthermore, although the plug 6b of the battery 
charger A is plugged in the receptacle 6a of the second- 
ary battery B, so that the checking result at Step S2 is 
Yes, the charging current is likely not supplied if the sup- 45 
ply-cables are disconnected in fact In this case, a cur- 
rent sensor (not shown) in the charging unit 1 1 indicates 
that the supplied current is zero. In response, the 
charge-control unit 10 controls that the routine proceeds 
to Step S7 for ending. so 

When one of the above abnormalities occur, the 
LED is switched to light up intermittently at shorter inter- 
vals for informing the user of the interruption of the 
charging by the abnormality. 

Next, at Step S5. the supplemental charging at 0.5 ss 
A is conducted as in the first embodiment. At Step S5 in 
the present embodiment, the LED is turned off although 
the reason for proceeding to Step S5 is that the battery 
temperature has risen to be above the finishing temper- 



ature T 3 °C. If the predetermined time period t 2 has 
passed since the start of the supplemental charging, the 
routine proceeds to Step S7 for ending, and then, the 
LED is turned off. 

In addition, when the temperature inside the battery 
charger A rises to be above T 4 °C, the routine proceeds 
to Step S7 for ending. Furthermore, if the current supply 
is not detected at Step S5 because of disconnection of 
the supply-cables or the like although the check deci- 
sion is Yes, the routine proceeds to Step S7. In those 
instances, the LED is switched to light up intermittently 
at shorter intervals, so as to indicate the abnormality. 

When the battery temperature rises to be above the 
finishing temperature T 3 °C at Step S5, the routine pro- 
ceeds to Step S8. At Step S8, the routine waits for that 
the battery temperature falls to the appropriate range. 
After the battery temperature fails, the routine returns to 
Step S7 for ending. If the prescribed time period t 2 has 
passed in the waiting state of Step S8, the routine also 
proceeds to Step S7 and the charging ends. In this 
case, the LED is turned off since it can be considered 
that the charging has been carried out sufficiently. 

Not only at Steps 4 and 5, but also at Step S8, if the 
temperature , inside the charger A rises to be above 
T 4 °C, the routine proceeds to Step S7 for ending. In 
addition, if the charging current is not supplied by dis- ~ 
connection of the supply-cables or the likertheroutine: 
proceeds to Step S7 for ending. In these cases, the LED 
is switched to light up intermittently at shorter intervals 
for informing the user of the interruption of the charging 
by the abnormality. 

In accordance with the fourth embodiment, the 
same advantages can be achieved as those by the first 
embodiment. Moreover, although the highest limit value 
T 2 °C is prescribed high, it is expected that the battery 
temperature can be naturally lowered at the waiting 
process of Step S3'. Accordingly, even if room tempera- 
ture is high, for example, in summer, the routine can 
proceed to the next step for carrying out the main charg- 
ing. 

E. Variations and Modifications 

Although the various features of the present inven- 
tion has been described with reference to the accompa- 
nying drawings, it is to be understood that the invention 
is not limited to the foregoing description and the vari- 
ous modifications may be made in the invention as will 
be described in the following. 

(1) The current values, charging time periods, and 
the temperature values in the main charging and 
the supplemental charging are optional. 

(2) Although in the third embodiment, the routine 
returns to Step S5 from Step S9 in accordance with 
the decision at Step 9. the routine may return to 
Step S5 for conducting the supplemental charging 
at 0.5 A: 

(3) In the second embodiment, if the certain time 
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period t 1 has passed since the start of the timer in 
the main charging at 1.5 A of Step S4, the routine 
proceeds to Step S6 and waits until the battery tem- 
perature falls for ending. However, it is possible in 
the same situation that the routine proceeds from 5 
Step S6 to S7 directly for ending. 

(4) In the third embodiment, if the certain time 
period tj has passed since the start of the timer in 
the main charging at 1.5 A of Step S4, the routine 
proceeds to Step S6 and waits until the battery tern- 10 
perature falls. to be suitable for ending. However, rt 

is possible that the routine proceeds from Step S6 
directly to S9 for checking the battery voltage is 
appropriate for practical usage in the same situa- 
tion. Additionally, in the second embodiment, it is 15 
possible to replace Step S7 by Step S9 as similar to 
the third embodiment. 

(5) In the embodiments and the above-mentioned 
variations, during the waiting state for the tempera- 
ture drop at Step S8, the timer-counting started at 20 
the beginning of the supplemental charging (Step 
S5) is continued. However, the timer-counting may 

be interrupted at the beginning of Step SB, and 
when the routine returns to Step S8 to Step S5. the 
counting may be started for the remaining time. 25 

(6) It may happen that the battery charger A 
becomes disconnected from the electrical outlet or 
the secondary battery B becomes disconnected 
from the battery charger during the. charging. In 
such cases, it is possible to return to the initial state 30 
(Step S1) and to restart the charging. 

(7) Heating devices for the cells are optional and 
not limited to heaters 4 of the above-described 
embodiments. For example, the battery case 1 may 
contain a heater which raises the atmospheric tern- 35 
perature .therein. , ? 

F. Advantageous Effects 

As described hereinbefore, according to the 40 
present invention, it can be prevented that secondary 
battery is charged at high temperature or low tempera- 
ture in which the secondary battery is damaged. In addi- 
tion, the secondary battery is prevented from being 
charged for a long time. Accordingly, the lifetime of the 45 
secondary battery can be prolonged. 

Industrial Applicability. 

The present invention can be applied to a method so 
for charging a secondary battery and a charger, the sec- 
ondary battery being preferably used for a power supply 
of a motor-driven vehicle, such as a human-driven bicy- 
cle with an auxiliary power source. 

55 

Claims 



1. A method for charging a secondary battery, com- 
prising steps of supplying a first current, which is 



generally constant, from a charging means to the 
, secondary battery, and 

stopping the supply of the first current when 
one of the following conditions is fulfilled: 

(A) voltage of the secondary battery has 
reached a peak level after passage of a prede- 
termined time period from start of the supplying 
of the first current; 

(B) temperature of the secondary battery has 
been out of a predetermined range; and 

(C) a predetermined time period has passed 
since start of the supplying of the first current. 

2. A method for charging a secondary battery as 
defined in claim 1 , further comprising, after con- 
necting of the secondary battery and the charging 
means, steps of checking as to whether the temper- 
ature of the secondary battery is in a predeter- 
mined range or not; and permitting to proceed to 
the step of supplying the first current insofar as the 
temperature of the secondary battery is in the pre- 
determined range. 

3. A method for charging a secondary battery as 
defined in claim 1 or 2, further comprising a step of 
supplying a second current, which is constant and 
lower than the first current, after stopping the sup- 
ply of the first current for the reason of the condition 
(A)or(B). - . 

4. A method for charging a secondary battery as 
defined in claim 3, further comprising steps jpf wait- 
ing until the temperature of the secondary battery 
falls to be below a predetermined level; and indicat- 
ing that the charging has ended. 

5. A method for charging a secondary battery as 
defined in claim 3 or 4, further comprising steps of 
checking as to whether the temperature of the sec- 
ondary battery is in a predetermined range or not 
before and at the step of supplying the second cur- 
rent; and permitting to proceed to the step of sup- 
plying the second current insofar as the 
temperature of the secondary battery is in the pre- 
determined range. ... 

6. A method for charging a secondary battery as 
defined in claim 1 or 2, further comprising steps of 
waiting until the temperature of the secondary bat- 
tery falls to be below a predetermined level after 
stopping the supply of the first current for the rea- 
son of the condition (C); and indicating that the 
charging has ended. 

7. A method for charging a secondary battery as 
defined in .one of claims .4 through 6. further com- 
prising steps of checking as to whether the voltage 
of the secondary battery is above a predetermined 
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level or not after the step of supplying the first cur- 
rent or the step of supplying the second current; 
and supplying the first current again if the voltage of 
the secondary battery is not above the predeter- 
mined level. 5 

8. A method for charging a secondary battery as 
defined in one of claims 2 through 7, further com- 
prising, before permitting to proceed to the step of 
supplying the first current, a step of waiting a cer- io 
tain period after the temperature of the secondary 
battery falls to be in the predetermined range if the 
temperature of the secondary battery has been 
above the predetermined range in the step of 
checking the temperature. '5 

9. A battery charger capable of supplying a generally 
constant current to a secondary battery, compris- 
ing: 

20 

current generating means for generating a con- 
stant current; 

counting means for counting time from start of 
charging of the secondary battery; 
voltage detecting means for detecting voltage 25 
of the secondary battery; 
temperature detecting means for detecting 
temperature of the secondary battery; and 
controlling means for controlling supply of the 
constant current from the current generating 30 
means to the secondary battery, the controlling 
means stopping the supply of the current when 
one of the following conditions is fulfilled: 

(A) the voltage detected by the voltage 35 
detecting means has reached a peak level 
after that the counting means counts a pre- 
determined time period from start of the 
supplying of the current; 

(B) the temperature detected by the tern- 40 
perature detecting means has been out of 

a predetermined range; and 

(C) the counting means has counted a pre- 
determined time period. 

45 

1 0. A battery charger as defined in claim 9, wherein the 
controlling means starts to supply the current to the 
secondary battery insofar as the temperature 
detected by the temperature detecting means is in 

a predetermined range. so 

11. A battery charger as defined in claim 9 or 10, 
wherein the current generating means generates a 
first current and a second current which is lower 
than the first current, the controlling means supply- 55 
ing the first current to the secondary battery and 
supplying the second current after stopping the 
supply of the first current for the reason of the con- 
dition (A) or (B). 



12. A battery charger as defined in claim 11, further 
comprising means for deciding finish of the supply 
of the second current, and indicating means for 
indicating end of the charging when the tempera- 
ture detected by the temperature detecting means 
falls to be a predetermined level. 

13. A battery charger as defined in claim 11 or 12, 
wherein the controlling means checks as to 
whether the temperature of the secondary battery 
is in a predetermined range or not before and at the 
supplying the second current, and permits to supply 
the second current insofar as the temperature 
detected by the temperature detecting means is in 
the predetermined range. 

14. A battery charger as defined in claim 9 or 10. fur- 
ther comprising means for detecting that the count- 
ing means has counted a predetermined time 
period, thereby deciding finish of the supply of the 
constant current to the secondary battery, and indi- 
cating means for indicating end of the charging 
when the temperature detected by the temperature 
detecting means falls to be a predetermined level. 

15. A battery charger as defined in one of claims 12 
through 14. wherein the controlling means- checks 
as to whether the voltage detected by the voltage 
detecting means is above a predetermined level or 
not after supplying the first current or supplying the 
second current, and supplies the first current again 
if the voltage detected by the voltage detecting 
means is not above the predetermined level. 

16. A battery charger as defined in one of daims 10 
through 15, further comprising second counting 
means for counting time from after the temperature 
of the secondary battery falls to be in the predeter- 
mined range if the temperature detected by the 
temperature detecting means has been above the 
predetermined range, the controlling means starts 
to supply the current to the secondary battery after 
that the second counting means has counted a pre- 
determine time period. 
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FIG. 2A 
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